ABSTRACT. In this study, we investigated the association between the interleukin (IL)-10 -592C/A, -819C/T, and -1082G/A genetic variations and susceptibility to diabetic nephropathy in a Chinese population. The IL-10 -592C/A, -819C/T, and -1082G/A polymorphisms were genotyped in diabetic nephropathy patient and control samples by polymerase chain reaction-restriction fragment length polymorphism. The results were then statistically analyzed using SPSS 17.0. The results of the χ 2 test revealed a significant difference in the frequencies of the GG, GA, and AA genotypes of IL-10 -1082G/A between patients with diabetic nephropathy and control subjects (χ 2 = 10.03, P = 0.007). Unconditional logistic regression analysis revealed that the AA genotype of IL-10 -1082G/A significantly increased the susceptibility to diabetic nephropathy [adjusted odds ratio (OR) = 2.52, 95% confidence interval (CI) = 1.31-4.82] compared to the wild-type genotype. Moreover, the A allele of this polymorphism was associated with an increased risk of diabetic nephropathy compared to the G allele (adjusted OR = 1.51, 95%CI = 1.15-1.99). However, the IL-10 -819T/C and -592A/C genetic polymorphisms did not increase the risk of diabetic nephropathy.
INTRODUCTION
Diabetic nephropathy is the most prominent cause of end-stage renal disease, and is associated with high mortality in diabetic patients in both developed and developing countries (Dronavalli et al., 2008) . The etiology of diabetic nephropathy is not well understood. Both environmental and lifestyle factors, such as high blood pressure, high body mass index (BMI), high glomerular filtration rate, high uric acid content, glycemic control, and ethnicity, are involved in the pathogenesis of diabetic nephropathy (Rossing et al., 2002) . Additionally, genetic susceptibility may also play an important role in determining the development and severity of diabetic nephropathy (Tang et al., 2013) .
Interleukin-10 (IL-10), produced by helper T (Th2) cells, is a well-known immune regulatory cytokine, which regulates T cells and monocytes/macrophages (D'Andrea et al., 1993) . The IL-10 gene is located in chromosome 1q31-1q32, and codes for a protein with a molecular weight of 4.7 x 10 3 . Three common single nucleotide polymorphisms have been previously identified at the transcriptional start site in the 5' flanking region of IL-10, which is a strong determinant for IL-10 production: a C-to-A substitution (C/A) at position -592 (rs1800872), a C-to-T substitution (C/T) at position -819 (rs1800871), and a G-to-A substitution (G/A) at -1082 (rs1800896) (Turner et al., 1997) . Previous studies have reported that alterations in IL-10 levels are significantly associated with the urine albumin:creatinine ratio in diabetic nephropathy, which suggested that the aberrant production of inflammatory cytokines and chemokines could be the potential immunopathological mechanism of diabetic nephropathy (Wong et al., 2007) . Another study reported that increased serum concentrations of inflammatory cytokines are correlated with the development of diabetic nephropathy (Konenkov et al., 2015) . A few studies have reported the role of the IL-10 -592C/A, -819C/T, and -1082G/A polymorphisms in susceptibility to diabetic nephropathy, but with inconsistent results (Babel et al., 2006; Mtiraoui et al., 2009; Kung et al., 2010; Arababadi et al., 2012; Erdogan et al., 2012) . In this study, we have investigated the influence of the IL-10 -592C/A, -819C/T, and -1082G/A polymorphisms on the risk of diabetic nephropathy in a Chinese population.
MATERIAL AND METHODS

Study subjects
A total of 194 patients diagnosed with type 2 diabetes mellitus and diabetic nephropathy and 320 healthy control subjects were recruited to this study from the First Affiliated Hospital of Xinxiang Medical University between May 2012 and August 2014.
Patients were diagnosed with type 2 diabetes mellitus according to the criteria set by the World Health Organization (WHO) in 1999 (WHO, 1999) . Diabetic nephropathy was diagnosed in diabetic patients based on the levels of proteinuria and glomerular filtration. Patients with a history of severe uncontrolled hypertension (>160/100 mmHg), acute or chronic infectious disease, or cancer were excluded from the study. The mean age of patients with diabetic nephropathy was 53.56 ± 10.55 years, with males comprising 60.82% of all patients.
The controls were randomly selected from among individuals who underwent regular health examinations at our hospital between May 2012 and August 2014. The control subjects were confirmed to be free of diabetes and nephropathy, based on the fasting blood sugar level, and the levels of proteinuria and glomerular filtration. Individuals with a history of diabetes, diabetic nephropathy, acute or chronic infectious disease, or cancer were excluded from the control group. The mean age of control subjects was 50.65 ± 9.61 years, and males comprised 52.50% of all control subjects.
Patients with diabetic nephropathy and the control subjects were interviewed by trained nurses at the time of recruitment, in order to collect their demographic information. Clinical data was collected from medical records. Signed informed consent forms were obtained from all study subjects prior to enrollment. The study was approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Xinxiang Medical University.
Genotyping
Four-milliliter blood samples were obtained from all patients and control subjects, and were stored at -20°C until use. Total genomic DNA was isolated from whole blood specimens using the QIAamp DNA Blood Mini kit (Qiagen, Valencia, CA, USA), according to the manufacturer instructions. The IL-10 -592C/A, -819C/T, and -1082G/A polymorphisms were genotyped by polymerase chain reaction-restriction fragment length polymorphism. The PCR primers for IL-10 -592C/A, -819C/T, -1082G/A, and the restriction enzymes used in this study are shown in Table 1 . The PCR conditions were set as follows: initial denaturation at 94°C for 5 min and 30 cycles of denaturation at 94°C for 45 s and annealing at variable temperatures for 30 s and 72°C for 45 s. The resulting fragments were electrophoresed on a 2% agarose gel stained with ethidium bromide, in order to determine the genotypes of the patients and controls for both polymorphic sites. Table 1 . PCR primers and restriction enzymes.
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Statistical analysis
Statistical variations between the demographic variables of the two study groups were statistically analyzed using an independent sample t-test and the chi-square (χ 2 ) test. The association between IL-10 polymorphisms and risk of diabetic nephropathy was determined by computing the odds ratio (OR) and 95% confidence intervals (95%CI) from logistic regression analyses. The results were adjusted for possible confounding variables. A P value less than 0.05 was considered statistically significant. All statistical analyses were performed using the statistical software package SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Based on the results of the χ 2 test, we observed significant differences in the mean age (t = 3.21, P = 0.001), BMI (χ 2 = 20.23, P < 0.001), hypertension status (χ 2 = 25.62, P < 0.001), triglyceride level (t = 16.54, P < 0.001), high-density lipoprotein level (t = 4.80, P < 0.001), and low-density lipoprotein content (t = 1.86, P = 0.03) between the patients with diabetic nephropathy and control subjects (Table 2 ). However, we observed no significant differences in the gender (χ 2 = 3.39, P = 0.07), tobacco smoking status (χ 2 = 0.33, P = 0.57), alcohol consumption status (χ 2 = 0.49, P = 0.48), total cholesterol content (t = 1.46, P = 0.07), and creatinine levels (t = 1.26, P = 0.10) between these two groups. The genotype distributions of the IL-10 -1082G/A, -819T/C, and -592A/C polymorphisms did not deviate from Hardy-Weinberg equilibrium in the patients (P values = 0.82, 0.44, and 0.55, respectively) and control subjects (P values = 0.35, 0.18, and 0.38, respectively) ( Table 3 ). The χ 2 test revealed a significant difference in the GG, GA, and AA genotype frequencies of the IL-10 -1082G/A polymorphism between patients with diabetic nephropathy and control subjects (χ 2 = 10.03, P = 0.007). Unconditional logistic regression analysis revealed that the AA genotype of IL-10 -1082G/A significantly increased the susceptibility to diabetic nephropathy (adjusted OR = 2.52, 95%CI = 1.31-4.82) compared to the wild type genotype (Table 4) . Moreover, the A allele was associated with an increased risk of diabetic nephropathy compared to the G allele (adjusted OR = 1.51, 95%CI = 1.15-1.99). However, logistic regression analysis of the IL-10 -819T/C and -592A/C polymorphisms showed no correlation between their genotypes and alleles and susceptibility to diabetic nephropathy. HWE = Hardy Weinberg equilibrium. Table 4 . Association between IL-10 -1082A/G, -819T/C, and -592A/C gene polymorphisms and risk of diabetic nephropathy. 
DISCUSSION
Several studies conducted so far reveal a high amount of discrepancy in incidence of diabetic nephropathy between different ethnicities; that is, a high percentage of racial gathering has been observed in this disease. Therefore, we hypothesized that genetic heritage contributes to the development of diabetic nephropathy. In this study, we investigated the association between the IL-10 -1082G/A, -819T/C, and -592A/C polymorphisms and the development of diabetic nephropathy; the results of this study revealed that the IL-10 -1082G/A polymorphism significantly influences the risk of diabetic nephropathy compared to the wild-type genotype in a Chinese population.
An increasing number of studies have reported an association between alterations in the interleukin gene and diabetes mellitus (Mandke and Singh, 2012; Habash et al., 2015; Xu et al., 2015) . For example, Mandke and Singh (2012) reported that elevated expression of IL-10 played a protective role in autoimmune diabetes in mice. On the contrary, Habash et al. (2015) suggested that this proinflammatory cytokine promoted mitochondrial function and neurite outgrowth in cultured adult sensory neurons derived from normal and diabetic rats, while Xu et al. (2015) reported that IL-10 gene transfer downregulated the expression of inflammatory cytokines, attenuated pancreatic insulitis, and inhibited β cell apoptosis, thereby reducing the incidence of diabetes in female non-obese diabetic mice. On the contrary, other studies have reported high concentrations of IL-1β and TNF-α in the vitreous fluid of patients with proliferative diabetic retinopathy (Demircan et al., 2006) , as well as a correlation between aberrant production of inflammatory cytokines and chemokines and the immunopathological mechanism of diabetic nephropathy (Wong et al., 2007) . These studies indicated that high expression of IL-10 may elevate diabetes susceptibility.
Several studies have also investigated the role of IL-10 polymorphisms in the development of diabetic nephropathy; however, the results of these studies are inconsistent (Babel et al., 2006; Ezzidi et al., 2009; Mtiraoui et al., 2009; Arababadi et al., 2012; Erdogan et al., 2012) . Babel et al. (2006) reported an association between the GG genotype of the IL-10 -1082G/A polymorphism and an increased susceptibility to end-stage renal disease in German patients. Similarly, Ezzidi et al. (2009) reported an association between the T allele of IL-10 -819T/C and the development of type 2 diabetes in a Tunisian population, while Mtiraoui et al. (2009) summarized that genetic variations in the IL-10 promoter could affect the risk of nephropathy in patients with type 2 diabetes. Kung et al. (2010) also reported a significant association between the -592A/C polymorphism in IL-10 and type 2 diabetic nephropathy, via altered IL-10 production. However, these results were not observed in two studies; that is, IL-10 polymorphisms were not correlated with susceptibility to type 2 diabetic nephropathy (Arababadi et al., 2012; Erdogan et al., 2012) . In this study, we observed a significant correlation between the IL-10 -1082G/A polymorphism and the risk of diabetic nephropathy in a Chinese population. However, these results must be validated by further studies.
This study has some limitations that must be addressed. First, the study subjects were recruited from a single area, which may not accurately represent other ethnicities. Second, the sample size included in this study was relatively small, which may affect the detection of a statistically significant difference between groups. Further large-scale studies are required to verify our findings.
In conclusion, we suggest that the IL-10 -1082G/A polymorphism is correlated with the development of diabetic nephropathy. Studies with a larger sample size are required to confirm the role of polymorphisms in IL-10 in the risk of diabetic nephropathy.
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